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1
THERMAL MODULE ACCOUNTING FOR
INCREASED BOARD/DIE SIZE IN A
PORTABLE COMPUTER

FIELD

The described embodiments relate generally to methods
for removing heat from integrated circuits within compact
computing device housings. More particularly, the present
embodiments relate to low profile heat removal device.

BACKGROUND

Integration of graphics processing units and central pro-
cessing units into a single integrated circuit package has
caused substantial increases in die sizes. In most computing
devices, integrated circuits require some kind of cooling com-
ponent to dissipate heat from the integrated circuits. Compo-
nents for attaching cooling component to the integrated cir-
cuit can cause substantial increases in a stack height above the
integrated circuit. While this may not be problematic in more
traditional tower or desktop computing applications, impact
upon a slim form factor of portable computing devices can be
quite problematic. While some solutions have been utilized
that reduce an overall stack height above the integrated cir-
cuit, these solutions tend to require additional board area.
Unfortunately, when the printed circuit board to which the
integrated circuit is mounted has a high packing density,
board space for such a mounting component may not be
available.

Therefore, what is desired is a low profile, small footprint
cooling stack.

SUMMARY

This paper describes various embodiments that relate to a
low profile, small footprint cooling stack.

A cooling stack for removing heat from an integrated cir-
cuit mounted on a printed circuit board (PCB) is disclosed.
The cooling stack includes at least the following: a metal slug
including a top surface and a channel arranged along the top
surface; a heat pipe disposed within and coupled to the chan-
nel of the metal slug; a beam spring exerting a force directly
to the top surface of the metal slug; and a number of fasteners,
each of the fasteners configured to fasten an end of the four
point beam spring to a fastening feature disposed next to a
periphery of the integrated circuit.

A heat removal system configured to transfer heat gener-
ated by an operating component to the external environment
is disclosed. The heat removal system including at least the
following: a slug having a bottom surface in contact with a top
surface of the operating component, the slug including a
channel disposed along a top surface of the slug and extend-
ing from a first side of the slug to a second side of the slug, the
second side opposite the first side; a heat pipe disposed within
the channel, the heat pipe comprising lateral surfaces coupled
to sidewalls defining the channel; and a number of beam
springs configured to exert a force on the operating compo-
nent by way of the slug, each of the beam springs having a first
end and a second end, the first end coupled to a securing
feature disposed proximate the first side of the slug and the
second end coupled to a securing feature disposed proximate
the second side of the slug.

A portable computing device is disclosed. The portable
computing device includes at least the following: a printed
circuit board (PCB); a plurality of fastening features coupled
to a top surface of the PCB; an integrated circuit electrically
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coupled to the top surface of the PCB by a socket; a metal slug
in direct contact with a top surface of the integrated circuit; a
beam spring coupled to the top surface of the PCB by a
number of fasteners that engage corresponding ones of the
fastening features and exerting a seating force on the inte-
grated circuit by way of the metal slug; and a heat pipe
disposed within a channel arranged along a top surface of the
metal slug, the heat pipe including lateral surfaces soldered to
sidewalls defining the channel.

Other aspects and advantages of the invention will become
apparent from the following detailed description taken in
conjunction with the accompanying drawings which illus-
trate, by way of example, the principles of the described
embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

The disclosure will be readily understood by the following
detailed description in conjunction with the accompanying
drawings, wherein like reference numerals designate like
structural elements, and in which:

FIG. 1 shows a perspective view of an exemplary cooling
stack suitable for use with a portable computing device;

FIG. 2 shows a cross-sectional view of the cooling stack of
FIG. 1,

FIG. 3 shows another cross-sectional view of the cooling
stack of FIG. 1;

FIG. 4 shows a perspective view of another cantilevered
spring prior to compressing the spring against the cooling
stack;

FIG. 5 shows a top view of a heat pipe configured to draw
heat away from a number of heat emitting components;

FIGS. 6A-6C show cross-sectional side views of various
cooling stack embodiments;

FIGS. 7A-7B show perspective views of a bottom surface
of the slug depicted in FIGS. 6B and 6C;

FIGS. 8A-8E show cross-sectional side views of a fixture
configured to concurrently install two beam springs against a
slug component; and

FIG. 9 shows a block diagram representing a method for
assembling a cooling stack.

DETAILED DESCRIPTION

Representative applications of methods and apparatus
according to the present application are described in this
section. These examples are being provided solely to add
context and aid in the understanding of the described embodi-
ments. It will thus be apparent to one skilled in the art that the
described embodiments may be practiced without some or all
of these specific details. In other instances, well known pro-
cess steps have not been described in detail in order to avoid
unnecessarily obscuring the described embodiments. Other
applications are possible, such that the following examples
should not be taken as limiting.

In the following detailed description, references are made
to the accompanying drawings, which form a part of the
description and in which are shown, by way of illustration,
specific embodiments in accordance with the described
embodiments. Although these embodiments are described in
sufficient detail to enable one skilled in the art to practice the
described embodiments, it is understood that these examples
are not limiting; such that other embodiments may be used,
and changes may be made without departing from the spirit
and scope of the described embodiments.

A cooling mechanism is used to keep electrical compo-
nents within safe operating limits by removing waste heat. In
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some cases a Central Processing Unit (CPU) alone needs a
substantial amount of power that must be dissipated to keep
the CPU operating within normal operating parameters. The
cooling mechanism generally includes at least one of a num-
ber of heat removal components including: heat sinks; fans;
water cooling; heat pipes; or phase change cooling. While
some computing device designs have sufficient space for a
large heat removal component or components for heat
removal, smaller devices may not have room for relatively
large heat rejection components. In addition to size taken up
by the cooling components themselves, mounting compo-
nents can also occupy substantial room. Some integrated
circuits require a substantial amount of force to properly seat
pins of the integrated circuit within a socket. A cantilevered
beam spring can be configured to couple heat removal com-
ponents to an integrated circuit without adding substantially
to a height of the integrated circuit. Unfortunately, a force
provided by a cantilevered beam spring is directly propor-
tional to a length of the cantilevered beam spring. For this
reason, while the cantilevered beam spring can provide a low
profile structure for applying force to the integrated circuit the
mounting structure can extend well outside of a footprint of
the integrated circuit to provide a requisite amount of force
for seating the integrated circuit.

In one embodiment, a cantilevered beam spring can extend
across the integrated circuit itself. In this way, the length of
the cantilevered beam spring can be substantially contained
within a footprint of the integrated circuit, thereby increasing
an amount of force that can be provided by a cantilevered
beam spring disposed within a constrained footprint. This
configuration provides a number of advantages over a more
traditional arrangement. First, an overall footprint is substan-
tially reduced when compared with a configuration in which
the cantilevered beam springs are outboard of the integrated
circuit. Second, by locating mounting points closer to the
integrated circuit a moment exerted upon the PCB is substan-
tially less, thereby reducing an amount of strain experienced
by the PCB. Third, when a four-point spring is utilized, a
force exerted upon the integrated circuit by the cantilevered
beam spring is self-leveling, substantially preventing irregu-
lar force distribution upon the integrated circuit. Fourth, in
some embodiments, the cantilevered beam spring can be con-
figured so that it does not extend above other cooling com-
ponents preventing the cantilevered beam spring from adding
height to a cooling stack (sometimes referred to as a heat
removal system) associated with the integrated circuit.
Finally, since an amount of force applied by the beam spring
varies substantially linearly with an amount of bending of the
beam spring, tuning the amount of force applied to the die can
be accomplished by for example, increasing a height of the
standoffs or changing a geometry or shape of the spring. For
example, by increasing a curvature of the beam spring an
amount of force exerted by the spring when flattened gener-
ally increases.

These and other embodiments are discussed below with
reference to FIGS. 1-9; however, those skilled in the art will
readily appreciate that the detailed description given herein
with respect to these figures is for explanatory purposes only
and should not be construed as limiting.

FIG. 1 shows a perspective view of a cooling stack in
accordance with the described embodiments. The cooling
stack is mounted upon printed circuit board (PCB) 100.
Standoffs 102 are mounted directly to PCB 100. Standoffs
102 can be coupled to PCB 100 in any number of ways
including by soldering, or even screwing standoffs 102 to
PCB 100. Standoffs 102 are configured to receive fasteners
104. Fasteners 104 are configured to engage standoffs 102 to
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secure cantilevered beam springs 106 a fixed distance above
PCB 100, the fixed distance defined by standoffs 102. In some
embodiments, cantilevered beam springs 106 can be formed
of precipitation hardened steel. Formation of beam springs
106 from precipitation hardened steel can increase an amount
of pressure provided by beam springs 106 for a given lever
arm length. Each of beam springs 106 can include a number
of'stress concentration features 108 configured to contact slug
110 and fastens 104 at predetermined positions. The depicted
beam springs 106 are four point beam springs. Two of the
points facilitate even engagement of a head portion of fasten-
ers 104 with outer stress concentrators 108 of beam spring
106. The other two points of contact are between a top surface
of'slug 110 and centrally disposed beam concentrators 108. In
this way a force distribution across slug 110 can be consis-
tently applied to an integrated circuit disposed below slug
110.

Slug 110 can be formed from a highly conductive material
such as copper. In some embodiments, a copper alloy made
from about 98% copper can be utilized, imparting a high
thermal conductivity to slug 110. Slug 110 can be further
configured to conduct thermal energy from the integrated
circuit to a heat distribution member. In one embodiment, as
depicted, the heat distribution member is embodied as heat
pipe 112. Heat pipe 112 in turn is configured to conduct heat
away from the integrated circuit. In some embodiments, each
end of heat pipe 112 can be in thermally conductive contact
with an array of cooling fins across which the transported heat
is dissipated. Heat pipe 112 can be coupled with slug 110 by
soldering heat pipe 112 to slug 110 at solder joint 114. In
some embodiments, solder joint 114 can include solder solids
to enhance a robustness of solder joint 114. This can be
especially helpful to protect a thinned portion of slug 110
from experiencing a bending force that would cause the
thinned portion to break of deform. Solder joints 114 essen-
tially joins lateral edges of the heat pipe and curved sidewalls
of the channel formed in the slug to reinforce the thinned
portions of slug 110 under loading conditions.

FIG. 2 shows a cross-sectional side view of the cooling
stack depicted in FIG. 1 in accordance with section line A-A.
FIG. 2 depicts how slug 110 interacts with integrated circuit
202. Beam springs 106 apply a seating force to die 202
through or by way of slug 110. In this way, connectors dis-
posed along a bottom surface of die 202 can be electrically
and mechanically coupled with PCB 100 by attachment layer
204. Attachment layer 204 can be any suitable attachment
mechanism. For example, in some embodiments attachment
layer 204 can be a socket with electrical contacts or in other
embodiments die 202 can be SMT’d directly to PCB 100. In
one particular embodiment, attachment layer 204 can be a
ball grid array coupling connector pins of die 202 to electrical
traces disposed upon PCB 100. Slug 110 In some embodi-
ments, slug 110 can have a channel, which allows heat pipe
112 to be in closer proximity to die 202. The channel is also
operable to prevent heat pipe 112 from adding to an overall
height of the cooling stack. In one particular embodiment, an
overall height b of slug 110 can be about 0.8 mm while a
height a of a portion of the slug disposed between heat pipe
112 and die 202 can be about 0.25 mm. Solder joint 114 is also
visible in this depiction. By including the aforementioned
solder solids in the formation of solder joint 114, adhesion
between heat pipe 112 and slug 110 can be improved. Solder
joint 114 also allows heat pipe 112 to reinforce a structural
integrity of slug 110.

FIG. 3 shows a cross-sectional side view of the cooling
stack depicted in FIG. 1 in accordance with section line B-B.
In this view, a force distribution diagram is depicted showing
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forces F applied by beam spring 106 through stress concen-
trators 108 and forces F; applied through stand offs 102.
Because the effective lever arm of beam spring 106 extends
over die 202 and attachment layer 204, the standoffs 102,
which apply force Fzto PCB 100, can be in close proximity to
a peripheral edge of attachment layer 204. In this way, a
moment applied to PCB 100 can be minimized, thereby
reducing an amount of flex placed upon PCB 100. A reduction
in stress to PCB 100 can prevent early failure of PCB 100 or
in some cases allow a thinner or less expensive PCB design to
be used, thereby saving vertical height and/or money on fab-
rication of PCB 100. It should also be noted that a curvature
of stress concentrators 108 associated with fasteners 104
remove any influences on moments that could be due to a head
portion of one of fasteners 104 engaging one side of beam
spring 106 before another side. The curvature of stress con-
centrators 108 associated with fasteners 108 helps to allow
fasteners 104 to concurrently engage both sides of the head
portion during an attachment operation. This configuration
also keeps an effective beam length or lever arm associated
with beam spring 106 substantially constant while fasteners
104 engages standoffs 102. Furthermore, in some embodi-
ments, this configuration allows an engagement height of
fasteners 104 to beam spring 106 to be adjusted without
making design changes to beam springs 106. Because the
lever arms remain substantially constant some reductions and
increases in engagement height can provide changes to an
amount of force applied to die 202 without making substan-
tial design changes to the cooling stack components. For
example, this can be particularly advantageous in rework
situations where in one case where it is subsequently deter-
mined increased force would allow increased thermal dissi-
pation, or in another case where it is subsequently determined
that the PCB is overstressed by the cooling stack.

FIG. 4 shows a perspective view of a partially assembled
cooling stack. To provide a comparison between pre-bent and
bent states of beam springs 106, one of beam springs 106 is
shown attached to standotfs 102, while the other beam spring
106 is shown in a pre-bent state before being attached to
corresponding standoffs 102. Generally both beam springs
106 are concurrently coupled with slug 110 to prevent an
application of asymmetric force to die 202 (not shown) by
way of slug 110. One end of pre-bent beam spring 106 can be
positioned a distance ¢ above a top surface of corresponding
standoffs 102. In one specific embodiment, distance ¢ can be
about three millimeters. By deforming each end of beam
spring 106 a distance ¢ and securing the ends to correspond-
ing standoffs 102, beam spring 106 can apply a predeter-
mined amount of force to slug 110.

FIG. 5 shows a top view of one particular configuration of
a cooling stack in contact with a heat pipe 112. Opposing ends
of’heat pipe 112 are in contact with fin stack 502 and fin stack
504. In some embodiments, cooling fans can be configured to
force air across fin stacks 502 and 504. FIG. 5 also depicts
how beam spring 106-1 has very little clearance from protru-
sion 506 ofheat sink 508. In this way, a reduced size foot print
of'the depicted cooling stack provided by this particular con-
figuration allows an integrated circuit associated with the
cooling stack to be in close proximity to another integrated
circuit associated with heat sink 508.

FIGS. 6 A-6C show cross-sectional side views of a number
of alternative configurations of a cooling stack. FIG. 6A
shows a configuration in which the cooling stack includes
insulation to reduce an auditory output of die 202. This audi-
tory output reduction can be particularly helpful when die 202
includes high frequency switching components, such as a
voltage regulator with a high frequency switching compo-
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nent. In some embodiments, the insulation can be formed
from conductive foam 602 and positioned between a bottom
peripheral surface of slug 110 and a top surface of PCB 100.
Conductive foam 602 can cooperate with slug 110 to sur-
round die 202, thereby preventing or at least subduing an
amount of sound emitted from the cooling stack. The conduc-
tive foam 602 can also be configured to create a faraday cage
around die 202 when it is grounded to a top surface of PCB
100. In this way, in addition to reducing a volume of sound
output from the cooling stack, die 202 can be electrically
isolated from other electrical components proximate the cool-
ing stack.

FIG. 6B shows how slug 110 can be shaped to conform
with a top surface of die 202. One set of features that can be
added to slug 110 during a forming operation are cavities 604
that are complementary to protrusions of die 202. When cavi-
ties 604 conform to a top shape of die 202, thermal conduc-
tion of heat from die 202 to slug 110 can be increased since a
larger amount of surface area of slug 119 contacts die 202. In
addition to increasing heat transfer, the conformal features of
slug 119 can also be operable to align slug 119 to die 202. In
this way misalignment of slug 119 with respect to die 202 can
be avoided. Because die 202 is located in a predetermined
position by virtue of a fixed position of attachment layer 204,
the alignment of slug 110 with die 202 allows beam springs
106 to contact slug 110 at known positions. Another advan-
tage of the embodiment displayed in FIG. 6B is that a volume
of slug 119 can be increased allowing slug 119 to distribute
received heat across a larger volume. In this way, slug 119 can
be configured to store a relatively larger amount of heat at a
given overall temperature. In this way, a temperature difter-
ential between die 202 and slug 119 can be maintained for a
longer period of time, allowing efficient transfer of heat from
die 202 to slug 110 for a longer period of time. Finally FIG.
6C shows yet another alternative embodiment in which slug
119 is shaped to conform with die 202 and includes a con-
ductive foam 202 that provides both auditory and electrical
isolation of die 202 from a surrounding system. In this way,
the advantages of FIGS. 6 A and 6B can be included in a single
embodiment.

FIG. 7A shows a bottom perspective view of slug 110 in
accordance with the embodiment depicted in FIG. 6C. A
bottom surface of slug 110 defines cavities 604 that can have
a geometry complementary to a top surface of die 202 (not
shown). Slug 110 can be formed in a number of ways. In one
embodiment slug 110 can be formed from a single metal
block. Cavities 604 can be machined from a bottom surface of
slug 110 and channel 702 (associated with heat pipe 112) can
be machined from atop surface of slug 110. FIG. 7B shows an
embodiment in accordance with the embodiment depicted in
FIG. 6B. Here aridge 704 is left along a periphery of slug 110.
In some embodiments, ridge 704 can be positioned outside of
a footprint of a socket to which the die is electrically coupled.

FIGS. 8A-8E show cross-sectional side views of a cooling
stack during an assembly operation in which a fixturing
device positions, bends and secures beam springs against a
slug portion of the cooling stack. Fixturing device 800
includes body portion 802. Body portion 802 has curved
portion 804 disposed along a bottom portion of body portion
802. In some embodiments, as depicted, curved portion 804
can have a curvature in accordance with an unbent geometry
of beam spring 106. Curved portion 804 includes magnetic
elements 806 which can be configured to retain beam spring
106 against an outside surface of curved portion 804. In some
embodiments magnetic elements 806 can be electro magnets
so that fixturing device 800 can pick up and put down beam
springs 106 when desired. In other embodiments magnetic
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elements 806 can be permanent magnets along the lines of
neodymium magnets. Curved portion 804 also includes a
number of plungers 808 disposed within a channel extending
into body portion 802. It should be noted that while not
depicted fixturing device 800 can be configured to install two
or more beam springs 106 concurrently.

In FIG. 8A fixturing device 800 is depicted positioning a
beam spring 106 above slug 110 so that openings in beam
spring 106 line up with threaded openings in standofts 102. In
FIG. 8B fixturing device 806 places a bottom surface of beam
spring 106 in contact with or at least in close proximity to a
top surface of slug 110. In FIG. 8C plungers 808 are depicted
as having moved from the retracted position shown in FIGS.
8A-8B to an extended position. By extending plungers 808
and drawing body portion 802 away from slug 110, plungers
808 can begin bending beam spring 106 into position against
slug 110 and magnetic elements 806 and beam spring 106 can
be decoupled. It should be noted that ends of beam spring 106
can retain a slight curvature at this point in an assembly
process. In FIG. 8D fasteners 104 are depicted being inserted
through openings in beam spring 106. The openings in beam
spring 106 can be longer than a diameter of fasteners 104 so
that fasteners 104 can have a wider tolerance for insertion
within the openings. Furthermore, since four point beam
spring 104 is self-leveling, its use precludes force distribution
irregularities when beam spring 106 is slightly misaligned.
Finally in FIG. 8E fasteners 104 are shown full engaged with
standoffs 102. In some embodiments fixturing device 800 can
include drivers for engaging fasteners 104 with standoffs 102,
while in other embodiments a separate driver can be applied
to engage fasteners 104 with standoffs 102. In this way, beam
spring 106 can be fully engaged with slug 110 and substan-
tially parallel with a top surface of slug 110. In some embodi-
ments, an amount of force exerted by fasteners 104 can be
reduced by backing fasteners slightly away from a top surface
of'beam spring 106, thereby beam spring 106 to retain a slight
bend. In other embodiments, a height of standoffs 102 can be
adjusted to change an amount of force applied when fasteners
104 are fully engaged against standoffs 102. Plungers 808 are
shown partially retracted as body portion 802 extends farther
above the assembled cooling stack.

FIG. 9 shows a block diagram representing a number of
steps in a method for assembling a cooling stack. In a first step
902, a heat pipe is soldered to a channel disposed along a top
surface of a slug. A joint between the slug and the heat pipe
can be reinforced by adding solder solids to the joint during
the soldering operation. In step 904 the slug is placed in direct
contact with a top surface of an integrated circuit. In some
embodiments, a layer of thermal grease can be disposed
between the integrated circuit and the heat pipe to facilitate
the conduction of heat between the integrated circuit and the
heat pipe. It should be noted that when the heat pipe is said to
be in direct contact with the slug, an intervening layer of
thermal grease can be present between the integrated circuit
and the heat pipe. In step 906 a number of beam springs are
pressed against a top surface of the slug. Distal ends of the
beam springs can be fastened to a top surface of a printed
circuit board (PCB) to which the integrated circuit is attached.
Fastening the ends of the beam springs to the PCB causes the
beam springs to deform changing from a bent state to a
substantially flat state. While fixed to the PCB the beam
springs exert a force to the top surface of the slug that causes
the slug to be compressed against the integrated circuit,
thereby minimizing a thickness of a layer of thermal grease
disposed between the integrated circuit. The force compress-
ing the integrated circuit and the die helps to increase an
efficiency of heat transfer between the two components. In
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this way the assembled cooling stack can both remove heat
from the integrated circuit by way of the slug and heat pipe,
and provide the force to improve thermal efficiency of the
cooling stack. In certain embodiments, the force can also
assist in electrically coupling the integrated circuit when the
integrated circuit is coupled to the PCB by a socket.

The various aspects, embodiments, implementations or
features of the described embodiments can be used separately
or in any combination. Various aspects of the described
embodiments can be implemented by software, hardware or a
combination of hardware and software. The described
embodiments can also be embodied as computer readable
code on a computer readable medium for controlling manu-
facturing operations or as computer readable code on a com-
puter readable medium for controlling a manufacturing line.
The computer readable medium is any data storage device
that can store data which can thereafter be read by a computer
system. Examples of the computer readable medium include
read-only memory, random-access memory, CD-ROMs,
HDDs, DVDs, magnetic tape, and optical data storage
devices. The computer readable medium can also be distrib-
uted over network-coupled computer systems so that the
computer readable code is stored and executed in a distributed
fashion.

The foregoing description, for purposes of explanation,
used specific nomenclature to provide a thorough understand-
ing of the described embodiments. However, it will be appar-
ent to one skilled in the art that the specific details are not
required in order to practice the described embodiments.
Thus, the foregoing descriptions of specific embodiments are
presented for purposes of illustration and description. They
are not intended to be exhaustive or to limit the described
embodiments to the precise forms disclosed. It will be appar-
ent to one of ordinary skill in the art that many modifications
and variations are possible in view of the above teachings.

What is claimed is:

1. A cooling stack for removing heat from an integrated
circuit mounted on a printed circuit board (PCB), the cooling
stack comprising:

a metal slug comprising a top surface and a channel

arranged along the top surface;

a heat pipe disposed within and coupled to the channel of
the metal slug;

a beam spring exerting more than one force to the metal
slug by way of respective more than one stress concen-
trator features formed in and that protrude from the
beam spring and directly contacting the top surface of
the metal slug; and

fasteners configured to fasten an end of the beam spring to
a fastening feature disposed proximate to a periphery of
the integrated circuit

wherein the beam spring compresses the metal slug against
the integrated circuit.

2. The cooling stack as recited in claim 1, wherein the beam

spring is oriented substantially parallel to the heat pipe.

3. The cooling stack as recited in claim 1, wherein the heat
pipe is welded to the metal slug and wherein weld joints are
positioned between lateral surfaces of the heat pipe and side-
walls of the channel.

4. The cooling stack as recited in claim 3, wherein the weld
joints between the heat pipe and metal slug are formed at least
in part by solder solids.

5. The cooling stack as recited in claim 1, wherein a periph-
eral portion of a bottom surface of the slug is coupled with a
layer of foam that substantially prevents noise emitted from
the integrated circuit from leaving the cooling stack.
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6. The cooling stack as recited in claim 1, wherein a top
surface of the beam spring does not extend above atop surface
of the heat pipe.

7. The cooling stack as recited in claim 1, wherein the beam
spring comprises a first beam spring, wherein a second beam
spring exerts forces directly to the top surface of the metal
slug by way of respective stress concentrator features formed
in and that protrude from the second beam spring, and
wherein the first beam spring and the second beam spring are
disposed on opposite sides of the top surface of the metal slug.

8. The cooling stack as recited in claim 1, wherein a bottom
surface of the slug is in direct contact with a top surface of the
integrated circuit.

9. The cooling stack as recited in claim 8, wherein the
bottom surface of the slug includes cavities having a size and
shape in accordance with the top surface of the integrated
circuit, and wherein the cavities cooperates with a protrusion
of the integrated circuit to align the slug with the integrated
circuit.

10. A heat removal system configured to transter heat gen-
erated by an operating component to the external environ-
ment, the heat removal system comprising:

a slug having a bottom surface in contact with a top surface
of'the operating component, the slug comprising a chan-
nel disposed along a top surface of the slug and extend-
ing from a first side of the slug to a second side of the
slug, the second side opposite the first side;

a heat pipe disposed within the channel, the heat pipe
comprising lateral surfaces coupled to sidewalls defin-
ing the channel; and

beam springs each configured to exert a force on the oper-
ating component byway of the slug, each of the beam
springs comprising:

a first end and a second end, the first end coupled to a
securing feature disposed proximate the first side of
the slug and the second end coupled to a securing
feature disposed proximate the second side of the
slug; and

more than one stress concentrators formed in and that
protrude from the beam spring configured to directly
contact the slug and for applying more than one
respective forces to the slug to restrain the slug against
the operating component.

11. The heat removal system as recited in claim 10, wherein
the slug is formed of a copper alloy.

12. The heat removal system as recited in claim 10, wherein
each of the stress concentrators extends towards the slug.

13. The heat removal system as recited in claim 10, wherein
a thickness of the slug within the channel is less than half a
thickness of a remaining portion of the slug, wherein the
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lateral surfaces are coupled to the sidewalls of the channel by
solder joints and wherein the coupling provided by the solder
joints helps provide structural reinforcement to the portion of
the slug associated with the channel.

14. The heat removal system as recited in claim 10, wherein
the beam springs exert a force to the operating component by
way of the metal slug to seat the operating component in a
socket.

15. A portable computing device, comprising:

a printed circuit board (PCB);

a plurality of fastening features coupled to a top surface of

the PCB;

an integrated circuit electrically coupled to the top surface

of the PCB by a socket;

a metal slug in direct contact with a top surface of the
integrated circuit;

a beam spring coupled to the top surface of the PCB by
fasteners that engage corresponding fastening features
and exerting a seating force on the integrated circuit by
way of the metal slug; and

a heat pipe disposed within a channel disposed along a top
surface of the metal slug, the heat pipe comprising lat-
eral surfaces soldered to sidewalls defining the channel

wherein the beam spring exerts forces to the slug by way of
a respective more than one stress concentrator features
formed in and that protrude from the beam spring, the
beam spring compressing the metal slug against the
integrated circuit.

16. The portable computing device as recited in claim 15,
wherein a bottom surface of the metal slug is complementary
to a geometry of both a top surface of the integrated circuit
and a top surface of the socket.

17. The portable computing device as recited in claim 15,
wherein the bottom surface of the slug comprises a cavity that
engages a protrusion of the integrated circuit, and wherein
interaction between the protrusion of the integrated circuit
and the cavity cause the metal slug to align with the integrated
circuit.

18. The portable computing device as recited in claim 15,
further comprising a first heat sink disposed at a first end of
the heat pipe and a second heat sink disposed at a second end
of' the heat pipe.

19. The portable computing device as recited in claim 15,
wherein the beam spring comprises two stress concentrators
that transmit the forces exerted by the beam spring to the
metal slug.



